.
METHODS
The cardiac output was determined by the dye-injection method as described by other investigators (4) with minor modifications (1). Five milligrams of Evans blue dye were injected into an antecubital vein, and samples of arterial blood were collected from the contralateral brachial artery. This method, in our hands, yields reproducible results. Values of cardiac output in normal subjects agree with accepted standards (1, 5) .
The oxygen consumption in general was determined over a 3-minute period by the open-circuit method, the cardiac output being determined during the second minute. Expired air was collected in a Douglas bag and the volume measured in a Tissot spirometer. The concentration of oxygen was measured by means of a Pauling oxygen analyzer.5 The carbon dioxide was not measured. 8 In the cited reference these subjects were Nos. 15, 17, 19, and 20. 4 These subjects were Nos. 4-14 in the paper cited. The presence of ascites will increase the estimate of body surface area from height and weight, hence the cardiac index calculated on the basis of "wet" weight (as done here) is probably not comparable to the cardiac index of normal subjects or patients without fluid retention. Therefore, comparisons of cardiac output between the two groups were also made on the basis of height (cc. of blood flow per minute/height in cm.) and oxygen consumption (liters of blood flow per minute x 100/cc. oxygen consumption per minute). The mean cardiac output, irrespective of the expression used, was higher in the group of patients with tense ascites, but none of the differences were statistically significant (Table III) .
Thus the cardiac output in cirrhotic subjects with tense ascites was often elevated, at times normal, but never absolutely low, and in this sample did not differ significantly from that in cirrhotic subjects without ascites.
II. The response to paracentesis (Table II Changes in heart rate, blood pressure, peripheral resistance, oxygen consumption and hematocrit were somewhat variable and showed no consistent trend.
DISCUSSION
The results obtained in the new cases confirm the previous findings (1) : the cardiac output is often elevated in patients with Laennec's cirrhosis, with or without ascites. A discussion of the possible causes of the high cardiac output state was presented in a previous report to which the reader is referred ( 1 ) .
The data presented fail to support the thesis that tense abdominal ascites impairs venous return to the heart and thus compromises cardiac output (7) . A low cardiac output was not found in any instance and high outputs were observed in a number of patients with marked ascites. These observations were made at rest and in recumbency and do not exclude the possibility that venous return might be affected during exercise. It is also conceivable that with greater degrees of abdominal distention venous return might be impaired. However, it is our opinion that patients sicker than the present group could be studied only with great difficulty and uncertainty as to the achievement of a steady state.
Since Sherlock (3) has shown that in the presence of tense ascites right auricular pressure may be increased, the question arises whether tense ascites per se may be a factor in producing a high cardiac output at rest. The increase in auricular pressure, however, appears to be secondary to an increase in intrathoracic pressure which in turn is effected by an increase in intraperitoneal pressure. Inasmuch as the relative right auricular pressure (referred to as intrathoracic pressure) probably remains unchanged, increased venous return is not likely. Indeed, in no instance was a true fall in cardiac output observed after paracentesis.
With two exceptions the level of cardiac output was not appreciably changed after relief of abdominal distention. The cause of the elevation of cardiac output early after paracentesis in studies Nos. 34 and 36a is not obvious. Neither patient showed overt emotional disturbance, and both denied feeling nervous or tense. In both instances subsequent determinations showed lower values. Technical errors cannot be entirely ruled out.
Shifts in body water and extracellular fluid after paracentesis might affect the level of cardiac output. Ascitic fluid forms when forces favoring the passage of extracellular fluid across the capillary walls exceed those favoring its return. The cirrhotic subject with tense ascites is at or approaching equilibrium at a new pressure relationship. The sudden removal of ascitic fluid restores the transcapillary gradient in favor of the passage of water into the peritoneal cavity, and as a consequence extracellular fluid may become "trapped" in the peritoneal cavity (8) .' Plasma volume may decrease since hemoconcentration has been noted after paracentesis (9) . Inasmuch as a decrease in plasma volume, under certain conditions, is thought to decrease the cardiac output (10, 11) , it is of interest that the present measurements of cardiac output revealed no appreciable decrease after paracentesis. Moreover, no consistent increase in hematocrit was seen.
All patients with tense ascites had dyspnea on moderate to mild exertion and several felt dyspneic at rest. Paracentesis promptly relieved such dyspnea. From the present investigation it appears unlikely that the level of cardiac output plays an important role in the dyspnea of noncardiac patients with tense ascites, at least not in the resting state.
SUMMARY AND CONCLUSIONS
The cardiac output in 13 patients with Laennec's cirrhosis and tense ascites was compared with that in 17 patients with Laennec's cirrhosis and no ascites in terms of absolute values, and as related to body surface area, height, and oxygen consumption. Patients with ascites showed higher mean values than patients without ascites, but the differences were not significant.
In both groups of patients the cardiac output was often high, sometimes normal, but never low.
Five patients were studied at varying intervals before and after abdominal paracentesis. In general, the resting cardiac output remained essentially uncanged. On two occasions a rise in cardiac output was noted immediately after paracentesis, but subsequent studies showed a return to control values. In no instance did the cardiac output decrease after paracentesis.
It is concluded that the presence of tense ascites is not an important determinant of the level of cardiac output in patients with cirrhosis at rest and in recumbency.
